This paper is devoted to the gossip (or all-to-all) problem in the chordal ring under the one-port line model. The line model assumes long distance calls between non neighboring processors. In this sense, the line model is strongly related to circuit-switched networks, wormhole routing, optical networks supporting wavelength division multiplexing, ATM switching, and networks supporting connected mode routing protocols.
Introduction
In the study of the properties of interconnection networks, the problem of dissemination of information is an important and a very active research area 12, 26] . Indeed, the ability o f an interconnection network to e ectively disseminate the information among its processors (e.g., accumulation, broadcast or gossip) is a \pertinent" measure to determine the best communication structures for parallel and/or distributed computers. Assume that every node of a network holds a piece of information. Broadcast is the information dissemination problem that consists, for one node of a network, of sending its piece of information to all the other nodes. The accumulation problem can be considered as the reverse of broadcast problem. In the accumulation problem, every vertex has to send its piece of information to one speci c vertex of the network. Finally, gossiping is a simultaneous broadcast from every node of the network. Due to their complexity, these three communication primitives are often provided at the software level. Most of the communication libraries available on parallel systems (as MPI 24] ) provide access to such communication procedures. More generally, these three communication patterns are fundamental primitives used in many algorithms for the programming, and for the control Additional support by the DRET of the DGA. y Partial support by UPC-PR-9704.
1 of parallel and distributed systems. For example, they are used for barrier synchronization or cache coherence 28], for parallel search algorithms 7], and for linear algebra algorithms 8].
In 10], Farley introduced the model called Line Model which satis es the following: (i) a call involves exactly two nodes (these two nodes can be at distance more than 1), (ii) any two paths corresponding to simultaneous calls must be edge-disjoint. Furthermore, Farley assumed that nodes satisfy the 1;port hypothesis, that is: (iii) a node can take part in one call at a time. The vertex-disjoint paths mode can be de ned analogously to the line model by replacing hypothesis (ii) by the following (iv) any two paths corresponding to simultaneous calls must be vertex-disjoint. The calls are subject to di erent possible constraints: when two nodes are involved in the same call, they can either exchange all the informations they are aware of (full-duplex or 2-way mode) or alternatively, the information can only ow in one direction (half-duplex or 1-way mode). A round is the set of all calls carried out simultaneously. The complexity o f o u r c o m m unication protocols will be measured by t h e n umber of communication rounds required to complete these protocols. For a given graph G = (V E), and for any arbitrary node u in G, we denote by b(G u) (resp. a(G u)) the minimum numberof rounds for broadcasting from the source node u (resp. for accumulation) in the graph G. Similarly, the gossip time of G, denoted by g(G), is the minimum numberof rounds necessary to perform a gossip in G. In 10] , Farley proved that, in the 1;port model, broadcast from any node in any n;node network can beperformed in dlog 2 ne rounds. His proof makes use of routing along the edge of a spanning tree of the network. However, the gossip problem is still open for arbitrary networks, that is, the complexity of gossiping in the 1;port line model in arbitrary networks is not known. Hromkovi c et al. 17] gave a l o wer boundfor the gossip problem, and some results have beenderived for tree-networks 9] and for planar graphs 16] . Chordal ring networks were introduced in 6]. They form a family of generalized loop networks 3]. The chordal ring of N vertices and chord c, denoted by C(N c), is the graph with vertices labeled in Z N , and adjacencies given by i i 1, i i+c for every even vertex i. The structure of these graphs has been extensively studied. For example, Arden and Lee 1] studied the problem of the maximization of the numberof nodes for a given diameter, and Yebra et al. 29] found a relationship between a certain type of plane tessellation and the chordal ring. Moreover, due to their simple structure, and their short diameter, chordal ring graphs are attractive topologies for interconnection networks. Chordal rings can support compact 25] and fault-tolerance 2] routing functions. Finally, Comellas and Hell 5] presented an optimal solution for the broadcast problem in chordal rings under the telephone model. As 5] , this paper is devoted to the study of communication problems in chordal rings. In particular, our aim is to nd an algorithm for the gossip problem in the full-duplex edgedisjoint paths mode since the model is appropriate to networks supporting long distance calls such as wormhole or circuit-switched routing. The next section describes the method to nd the gossip time in the chordal ring. Section 3 deals with some properties of the chordal ring and, nally, in Section 4 gossiping algorithms are described in order to give the upper bound of the gossip time in chordal rings.
This decomposition is the base of all our gossip protocols of Section 4. In the full-duplex line model, Farley has shown the following: Lemma 1 (Farley 10] ) Let To obtain an e ective algorithm, we will look for a set of accumulation nodes such that the gossip phase can be performed as quickly as gossiping in a complete graph, and such that the size of the accumulation components is su ciently small in order to minimize the time for the rst and third phases. Moreover, these accumulation components should beconnected so that the optimal dlog 2 Ne-round accumulation and broadcast algorithms described in 10] (see Lemma 1) can beindependently applied in all the components. For the gossip phase, our algorithms will be based on the two following algorithms 2 and 3. K N stands for the complete graph of N nodes. In the three-phase gossip algorithm, a call between vertices i and j is replaced by a call between the accumulation node of the ith component and the accumulation node of the jth component. For a given call between the accumulation node x i of the ith component and the accumulation node x j of the jth component, that is for a given path P between x i and x j , the length of the call is de ned as the numberof components traversed by P plus one.
Let s be the maximum size of the components, then the accumulation and broadcast phases are done in dlog 2 se rounds each. Moreover, if r is the numberof components, the gossiping phase needs dlog 2 re to becompleted. Thus, we can conclude that the three-phase gossip algorithm needs 2dlog 2 se + dlog 2 re rounds to perform.
In order to apply this algorithm to the chordal ring graphs, we will present some properties of this family of graphs. 
Decomposition of the chordal rings into cycles
Let us introduce a decomposition of the chordal ring C(N c) of order N and chord c that will be particularly helpful for the design of our gossip algorithm. We c a n distinguish in C(N c We label the components between 0 and r ; 1. In the kth component, the cycles are labeled between 1 and ;, where ; is the numberof cycles in the component k. We denote by (k i j) the vertex j of the ith cycle in the kth component. The kth component has (k 1 R = c ; 1) as accumulation node. Since each component is connected, the accumulation phase and the broadcast phase can be performed using the algorithm in 10]. Now, we focus on the gossip phase, and we are interested in a path P i!i+`(mod r) corresponding to a call between the two accumulation nodes of component i and i +`(mod r), i = 0 : : : r ; 1 a n d = 1 : : : R = 2. For` c ; 1 2 we de ne P i!i+`a s a union of paths denoted by P(i 0) P (i 1) : : : P (i `) s u c h that P(i k) is as follows (let R = c ; 1): Note that the condition 2` c ; 1 assures that these paths are well de ned.
At e a c h round of the gossip phase, the exchange of information can be performed by using the paths de ned above: . For all i < j and i +`(mod r) 6 = j, the paths P i!i+`a nd P j !j +`a re pairwise edge-disjoint. Proof. Assume w.l.g. that i = 0. If j < k <`, the paths P 0!`a nd P j!j +`c ross the k-th component. We need only to prove that vertices of the k-th component belonging to the path P 0!`a re di erent to vertices of the k-th component belonging to the path P j !j +`.
The third component of the vertex coordinates in P(0 k ) is R ; 2k or R ; 2k ; 1, while the third component of the vertex coordinates in P(j k ; j) is R ; 2k ; 2j or R ; 2k ; 2j ; 1.
Thus, the assertion holds.
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In Fig. 1 there is an example of the paths P i!i+3 corresponding to the round t = 2, in the chordal ring C(64 7). Since in the decomposition of this graph all the groups have only one cycle, the vertex j in cycle i is labeled by (i 1 j ). In each component, the subgraph of type A is labeled 1, and the remaining cycles are labeled 2 3 : : :
The component k has (k 1 c ; 1) as its accumulation node if component k does not contain a subgraph of type A, and (k 1 c + 1 ) otherwise. We set R = c ; 1.
The accumulation phase and the broadcast phase can be performed using the algorithm in 10] since each component is connected. Now, we focus on the gossip phase, and we are interested From Lemma 4 we can conclude that in the rst of the above cases our bound is optimal. In the second one, we expect that a better approximation of the edge{bisection width could prove the optimality of this algorithm.
